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Background: Fei-Bi decoction, a Chinese ancient experience decoction collected in the book of Bianzhenglu (Syndrome Differentiation 
Record). Based on Fei-Bi Decoction, Yi-Fei-Tong-Bi decoction (YFTBD) is developed and has a significant effect in the treatment of 
pulmonary fibrosis. However, the underlying mechanisms of YFTBD affects pulmonary fibrosis remain to be elucidated.
Purpose: To investigate the protective effect and the underlying mechanism of YFTBD on bleomycin-induced pulmonary fibrosis in mice.
Methods: The chemical components of water extract of YFTBD were analyzed by combining the high performance liquid 
chromatography (HPLC) coupled with mass spectrometry (MS). A mouse model was established by intratracheal injection of 
bleomycin, and the effects of YFTBD were evaluated through pathological staining, immunohistochemistry analyses, and Enzyme- 
Linked Immunosorbent Assay (ELISA). Subsequently, the effect of YFTBD on the gut microbiota of mice was analyzed by 16S rRNA 
high-throughput gene sequencing.
Results: Compared with the model group, the survival rate and lung coefficient of mice with pulmonary fibrosis were increased after 
the intervention of YFTBD, the pathological morphology of lung tissue was improved, and the expression of the inflammatory factor 
levels were decreased. The expression of α-SMA, TGF-β1, p21, and p16 senescence-related proteins was significantly down-regulated. 
The expression of Smad7 and PGC-1α senescence-related proteins was significantly up-regulated. Meanwhile, gut microbiota analysis 
showed that YFTBD could induce changes in the abundance of Alloprevotella, unclassified Muribaculaceae, and Lachnospiraceae 
NK4A136 group.
Conclusion: Our findings suggest that YFTBD could alleviate the bleomycin-induced pulmonary fibrosis in mice via regulating 
TGF-β1/Smad signaling pathway, inflammation and gut microbiota. It provides experimental evidence and a theoretical basis for the 
application of YFTBD in pulmonary fibrosis.
Keywords: Yi-Fei-Tong-Bi decoction, pulmonary fibrosis, collagen, cell senescence, gut microbiota

Introduction
Pulmonary fibrosis is a common fibrotic pulmonary interstitial disease. The pathological changes are disseminated 
alveolitis, pulmonary interstitial inflammation and interstitial fibrosis.1 The clinical manifestations are progressive 
dyspnea, dry cough and fatigue.2 Pulmonary fibrosis is an end-stage change in many interstitial lung diseases, and the 
average life expectancy after diagnosis is only 3 years.3 The increasing incidence of pulmonary fibrosis has increased the 
medical burden.4 Therefore, the development of safe and reliable drugs has important clinical value for improving the 
prognosis of patients with pulmonary fibrosis.

The ideal intervention for treating interstitial lung disease (ILD) is still lacking to this day. Although pirfenidone and 
nintedanib have been shown to slow disease progression and improve the quality of life for some patients. They are not 
the ultimate solution for curing the disease. Meanwhile, their effectiveness varies among individuals, and some patients 
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may experience side effects.5–7 Accumulated evidence found that the notable adverse effects associated with nintedanib, 
which causing diarrhea with rate of 61.5% or 66.9%.8 Previous studies systematically analyzed the clinical efficacy of 
traditional Chinese medicine (TCM) in treating ILD and further summarized the potential mechanisms, including 
alleviating oxidative stress,9–16 inhibiting inflammation,14,17 inhibiting epithelial-mesenchymal transition,15,18–20 and 
inhibiting myofibroblast activation.21,22 In recent years, numerous relevant studies have demonstrated that the gut 
microbiota is closely associated with pulmonary fibrosis.23 The gut microbiota and their metabolites can modulate the 
onset and progression of pulmonary fibrosis via the “gut-lung axis”.24 In traditional Chinese medicine, there exists the 
theory of “the lung and the large intestine are interior-exterior related”. Lung and intestine are interrelated and influence 
each other in physiology and pathology, and can be treated jointly in treatment.25 Exploring traditional Chinese medicine 
preparations for the treatment of interstitial lung disease may provides new hope and opportunity.

Bianzhenglu (Syndrome Differentiation Record) formulates the Fei-Bi Decoction based on the etiology of lung 
obstruction resulting from deficiencies in lung and spleen qi. The primary treatment principles focus on strengthening the 
spleen and benefiting the lungs, as well as nurturing the earth to generate metal. This decoction is indicated for 
addressing symptoms associated with qi deficiency leading to lung obstruction, which include persistent cough, chest 
tightness, continuous phlegm expectoration, a sensation of fullness and distension in the upper abdomen, and difficulty 
achieving normal bowel movements. Based on Fei-Bi Decoction, Yi-Fei-Tong-Bi decoction (YFTBD) is developed. It is 
an effective and experiential prescription for the clinical treatment of pulmonary fibrosis, which can improve the 
pulmonary symptoms of pulmonary fibrosis such as chest tightness, wheezing and cough. However, the molecular 
mechanism of YFTBD improving pulmonary fibrosis progression remains unclear. Therefore, the aim of this study is to 
investigate the effects of YFTBD on bleomycin-induced pulmonary fibrosis in mice and the underlying mechanisms, in 
order to provide theoretical support for the clinical use of YFTBD in the treatment of pulmonary fibrosis.

Materials and Methods
Drugs
The following drugs were used in this study: bleomycin hydrochloric for injection (ant-zn-1, InvivoGen) and nintedanib 
esilate soft capsules (HJ20170355, 150 mg/capsule, Catalent Germany Eberbach GmbH). YFTBD consists of 11 Chinese 
herbs, which were purchased from and identified by Chongqing Shangyao Huiyuan Pharmaceutical Co., Ltd. 
(Chongqing, China). All herbs were in line with the standards listed in the National Pharmacopoeia of China. YFTBD 
was taken 1 time the conventional dose (Huangqi/Astragalus membranaceus (Fisch). Bge. var. mongholicus (Bge). Hsiao 
30 g, Dangshen/Codonopsis pilosula (Franch). Nannf. 15 g, Fuling/Poria cocos (Schw). Wolf 15 g, Danshen/Salvia 
miltiorrhiza Bge. 15 g, Baizhu/Atractylodes macrocephala Koidz. 12 g, Xingren/Prunus armeniaca L. var. ansu Maxim. 
12 g, Jiegeng/Platycodon grandiflorus (Jacq). A.DC. (PG) 12 g, Chuanxiong/Ligusticum chuanxiong Hort. 12 g, 
Danggui/Angelica sinensis (Oliv). Diels 12 g, Wuweizi/Schisandra chinensis (Turcz). Baill 6 g, Gancao/Glycyrrhiza 
uralensis Fisch. 9 g) and soaked for 30 min in 16000 mL ultrapure water. Then, two rounds of reflux extraction were 
performed. The first time: the drug is heated and decocted for 1 h, then the filtrate is poured out and filtered with 400 
mesh gauze. The second time: add 1300 mL ultrapure water to the residue and continue to decoction for 1 h, then pour 
out the liquid and filter with 400 mesh gauze. Subsequently, the twice filtered liquid was mixed and centrifuged for 
10 min by 5000 ×g centrifuge. After removing the precipitation, the supernatant of the liquid was obtained. The liquid is 
further concentrated and kept at a volume of 150 mL to achieve a liquid concentration of 1 g/mL, which was stored in the 
refrigerator at 4°C for use.

HPLC-MS
Take 20 mL of the traditional Chinese medicine decoction and put it into a 50 mL liquid separation funnel. Subsequently, 
add 20 mL of petroleum ether, shake vigorously and mix thoroughly. Allow the liquid to separate and retain the aqueous 
phase. Then, add petroleum ether once again for washing. Subsequently, accurately measure 5 mL of the aqueous 
solution, evaporate the solvent until dry, dissolve the residue with 20% acetonitrile, transfer it to a 10 mL volumetric 
flask, add 20% acetonitrile to a constant volume, and shake well. The sample was passed through YMC-Pack ODS-AQ 
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(5 μm, 4.6*250 mm) with the mobile phase consisted of acetonitrile (A) and an aqueous solution containing 1% 
tetrahydrofuran and 0.05% phosphoric acid (B) at a detection wavelength of 260 nm for HPLC signals. The separation 
was achieved using a gradient elution program as follows: 0–15 min: 12% A; 15–60 min: 9% A. The control solution and 
the test solution were injected into the liquid chromatograph with 10 μL each.

Animal Grouping, Modeling and Dosing
Fifty-eight male C57BL/J6 mice (20–23 g, 7 weeks) were purchased from Hunan Slack Jingda Experimental Animal Co., 
Ltd with License No. SCXK (Hunan) 2019–0004. The mice were kept in a suitable feeding environment with 12-h light/ 
dark cycle, and free access to both water and food. All animal experiments were conducted in accordance with the standard 
procedures, and were approved by the Experimental Animal Welfare Ethics Committee of Chongqing Academy of 
Traditional Chinese Medicine (Certificate of Approval No: ZJS2023-02). After one week of adaptive feeding, the mice 
were randomly divided into 5 groups, including the control group (control, n=10), model group (model, n=12), nintedanib 
group (NIB, n=12), YFTBD group (YFTBD, n=12) and nintedanib+YFTBD group (NIB+YFTBD, n=12). Referring to the 
previous literature,26–28 the model of pulmonary fibrosis was induced by a single intratracheal injection of 3 mg/kg 
bleomycin in mice, and the same amount of normal saline was injected into the trachea of mice in the normal group.

After 1 day of intratracheal instillation, YFTBD and/or nintedanib were administered daily by gavage for continue 
4 weeks. The mice in YFTBD and NIB+YFTBD groups were respectively administered intragastrically with 19.5 g/kg/d 
(equivalent to 1 time the clinical dose) of YFTBD, while the mice in NIB and NIB+YFTBD groups were given intragastric 
administration of 9.75 mg/kg/d nintedanib (equivalent to 1 time the clinical dose). Simultaneously, the normal group and the 
model group were administered the same volume of normal saline daily. The number of surviving mice in each group was 
tallied daily during administration and euthanized on the day 28 after endotracheal injection.

Serum Isolation and Detection of Indicator
On day 28, after the last intragastric administration for 9 h, mice were anesthetized by intraperitoneal injection of 2% 
pentobarbital sodium (35 mg/kg). Then the blood was collected through the fundus venous plexus, the serum was 
separated and placed in the refrigerator at −80°C for use. Subsequently, the concentrations of IL-1β, IL-6 and TNF-α in 
serum of mice were detected by enzyme-linked immunosorbent assay (ELISA) kits, which were purchased from Jiangsu 
Enzyme Immunity Industry Co., Ltd. (Jiangsu, China).

Tissue Collection and Morphological Observation
After blood collection, mice were finally euthanized. Then the lungs were separated and weighed. The lung coefficient 
was calculated (lung coefficient = lung wet mass (mg)/ body weight (g)× 100%). The left lung of mice was fixed in 4% 
paraformaldehyde for 24 h, then dehydrated and transparent, paraffin embedded, and sliced. HE staining and Masson 
staining were performed according to the procedure of the corresponding kits. Finally, the histopathological and 
morphological changes were observed under a light microscope (Olympus CX31, Japan). The positive expression of 
Masson staining was quantitatively analyzed using the Image J software (Version 1.54f, USA) and the average optical 
density (AOD) value was calculated. AOD value = cumulative optical density value/positive pixel area.

Determination of Hydroxyproline Content in Lung Tissue
The middle lobe of the right lung was rinsed with normal saline at 4°C, the excess water was removed with filter paper, and 
the content of hydroxyproline in the lung tissue was measured by a hydroxyproline quantification assay kit (A030-2, 
Nanjing Jiancheng Bioengineering Institute, China) after lung mass was weighed. Using known hydroxyproline as standard 
curve, the content of hydroxyproline in lung tissue was determined to evaluate the metabolic situation of collagen.

Immunohistochemistry Analyses
The expression of α-SMA, TGF-β1, Smad7, p21, and p16 in lung tissues of each group was detected by immunohis
tochemical staining after paraffin embedding and section. Immunohistochemistry was executed as described earlier.29 

Five visual fields were randomly selected from each section for observation under high power microscope. The 
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expression in the positive regions was quantitatively analyzed using the Image J software (Version 1.54f, USA) and AOD 
was calculated.

16S rRNA High-Throughput Gene Sequencing
The day prior to the euthanasia of the mice, five samples from each group were randomly selected for fecal DNA extraction 
and analysis of gut microbiota diversity. Total DNA was extracted using a DNA extraction kit, with purity and concentration 
assessed via Nano Drop 2000. Primers targeting the 16S rRNA V3-V4 region (338F: 5′-ACTCCTACGGGAGGCAGCAG-3′; 
806R: 5′-GGACTACHVGGGTWTCTAAT-3′) were employed for PCR amplification. The resulting PCR products underwent 
purification and quantification utilizing appropriate kits based on their concentrations. Following established protocols, library 
construction was performed using the NEXTFLEX Rapid DNA-Seq Kit, with sequencing conducted on the Illumina MiSeq 
PE300 platform. The sequencing data were analyzed on the BMKcloud platform (Biomarker Technologies, Beijing, China), 
encompassing alpha diversity analysis, beta diversity analysis, community structure examination, Linear discriminant analysis 
(LDA) coupled with effect size (LEfSe) analysis.

Statistical Analysis
Using GraphPad Prism 9.0 statistical software (San Diego, USA) to analyze the experimental data. All experiments in 
this study were replicated independently at least five times. Measurement data were expressed as mean ± standard 
deviation (mean ± SD). Statistical analysis was performed using Student’s t-test was used for comparisons between two 
groups, whereas one-way analysis of variance (ANOVA) was utilized for comparisons among multiple groups, with 95% 
confidence interval. P < 0.05 was considered as statistically significant.

Results
The Phytochemical Composition of YFTBD
It shows the total ion chromatogram (TIC) (Figure 1A and B), which was generated by comparison with standard 
materials, chemical data in the mass spectral library mzCloud, relevant literature searches and the TCMSP database 
(https://old.tcmsp-e.com/tcmsp.php). We found that the primary components of YFTBD were Cryptotanshinone, dihy
drotanshinone, Tanshinone I, salvianolic acid CBIA, Angelicolactone A, Angelicolactone dilactone, Ferulic acid, 
atractylodes I, II, and III, codonetyne side, codonetine, liquiritin, glycyrrhizin V, ligustilide, vanillic acid, 3-o-β- 
D-glucopyranosyl platycodon saponin, amygdalin, sakurin, isoastragalus saponin I, Astragalus saponin II, IV, schisan
drin, schisandrin B, schisandrin A, schisandrin A, etc (Supplementary Tables 1–3).

YFTBD Alleviates Lung Injury and Collagen Deposition in Mice
HE staining results (Figure 2A) showed that no alveolar inflammatory exudation and fibrosis lesions were found in the 
lung tissue of mice in the normal group, and the alveolar structure was clear and complete. The number of interstitial 
cells in the lung of mice in the model group increased, the proliferation of fibrous tissue increased, and the lung tissue 
was severely damaged. In mice treated with YFTBD, the fibrosis of lung tissue was alleviated, the lung tissue structure 
was clear, and the lung interstitium was slightly increased.

Masson staining results (Figure 2B) showed that the alveoli in the lungs of mice in the control group were evenly 
distributed, with no obvious fibrosis and no obvious inflammatory cell infiltration. Compared with the control group, 
bleomycin-induced lung tissue structure disorder, blue collagen deposition in the lung interstitium, atrophy and collapse 
of some alveolar cavities, pulmonary bullae, a large number of inflammatory cell infiltration in the lung tissue, 
accompanied by severe fibrosis appeared. After YFTBD intervention, the degree of pulmonary fibrosis in mice was 
significantly improved, inflammatory cell infiltration was reduced, blue collagen deposition in lung interstitial was 
reduced, pulmonary fibrosis was improved, and lung tissue structure was restored.

The level of lung hydroxyproline is an important index to evaluate the metabolic situation of collagen. Compared 
with the control group, the level of hydroxyproline in the lung tissue of the model group was significantly increased 
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(Figure 2C, P < 0.001). Compared with model group, the level of hydroxyproline in lung tissue of mice in nintedanib 
group and YFTBD group decreased (Figure 2D, P < 0.05).

YFTBD Regulates TGF-β1/Smad Signaling Pathway
α-SMA and TGF-β1 are important factors in pulmonary fibrosis and may be co-involved in its formation. α-SMA is the 
signature protein of myofibroblasts, and also the basis of myofibroblasts with contractile activity. It is involved in the 
synthesis of extracellular matrix components such as collagen, and its content can be used as an indirect indicator to 
determine the degree of pulmonary fibrosis. TGF-β1 activates the TGF-β1/Smad pathway to promote fibrosis. As shown 
in Figure 3A–F, the results showed that the levels of α-SMA (Figure 3A and B) and TGF-β1 (Figure 3C and D) and in 
lung tissue of mice induced by bleomycin increased, and YFTBD decreased TGF-β1 (Figure 3C and D) and increase 
Smad7 (Figure 3E and F) levels. The expression of Smad7 indicates that YFTBD may inhibit the progression of 
pulmonary fibrosis by regulating TGF-β1/Smad7 signaling pathway.

Figure 1 Total ion chromatogram of YFTBD by HPLC-MS. (A) Positive ion mode total ion chromatogram. (B) Negative ion mode total ion chromatogram.
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YFTBD Alleviates Cell Senescence in the Lung Tissue of Mice
A growing number of studies show that the senescence of alveolar epithelial cells promotes the development of 
pulmonary fibrosis, whereas its inhibition could effectively improve the progression of pulmonary fibrosis.30–34 It was 
found that thought upregulating peroxisome proliferator-activated receptor (PPAR)-γ coactivator-1α (PGC-1α) could 
improve alveolar epithelial cell aging.35,36 To assess the effect of YFTBD on cell senescence, we measure the levels of 
senescence markers p21 and p16, and PGC-1α in lung tissues by immunohistochemical staining. The results showed that 
the expression of p16 (Figure 4A and B) and p21 (Figure 4C and D) and proteins related to cellular senescence in lung 
tissue of mice in the model group increased. After YFTBD intervention, the cellular senescence in lung tissue of mice 
was improved, and the expression of p21 and p16 senescence-related proteins was significantly down-regulated. 
Meanwhile, the expression of PGC-1α (Figure 4E and F) was inhibited in the bleomycin treatment group, and 

Figure 2 Effects of YFTBD on lung injury and collagen deposition in mice. (A) H&E staining of lung tissue. (B) Masson staining of lung tissue. (C) Collagen volume fraction. 
n=5. Compared to control, ##P<0.01. Compared to model, **P<0.01, ***P<0.001. (D) Content of hydroxyproline in lung tissue. n=5. Compared to control, ###P<0.001. 
Compared to model, *P<0.05, **P<0.01.

Figure 3 Effects of YFTBD on α-SMA, Smad7, and TGF-β1. (A) Immunohistochemistry of α-SMA. (B) AOD of α-SMA. n=5. Compared to control, ##P<0.01. Compared 
to model, *P<0.05, **P<0.01. (C) Immunohistochemistry of TGF-β1. (D) AOD of TGF-β1. n=5. Compared to control, ###P<0.001. Compared to model, *P<0.05, 
**P<0.01. (E) Immunohistochemistry of Smad7. (F) AOD of Smad7. n=5. Compared to control, ##P<0.01. Compared to model, *P<0.05, **P<0.01.
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YFTBD could significantly improve its expression and reduce the effect of bleomycin. These results suggest that YFTBD 
may inhibit cell senescence by regulating p21 signaling pathway, thus delaying the progression of pulmonary fibrosis.

YFTBD Reduces Inflammatory Factor Levels in the Serum of Mice
To reveal the effect of YFTBD on the inflammation in mice, serum IL-1β, IL-6, and TNF-α levels of mice in each 
group were detected by ELISA. The results showed that compared with the model group, the serum contents of 
IL-1β (Figure 5A), IL-6 (Figure 5B), and TNF-α (Figure 5C) in the YFTBD and NIB+YFTBD groups were 
significantly decreased. It is suggested that nintedanib and YFTBD may reduce the inflammatory response induced 
by bleomycin in mice.

Figure 4 Effects of YFTBD on cell senescence in the lung tissue of mice. (A) Immunohistochemistry of p16. (B) AOD of p16. n=5. Compared to control, ##P<0.01. 
Compared to model, *P<0.05. (C) Immunohistochemistry of p21. (D) AOD of p21. n=5. Compared to control, ##P<0.01. Compared to model, *P<0.05, **P<0.01. 
(E) Immunohistochemistry of PGC-1α. (F) AOD of PGC-1α. n=5. Compared to control, #P<0.05. Compared to model, *P<0.05, **P<0.01.

Figure 5 Effects of YFTBD on inflammatory factor levels in the serum of mice. (A) Concentration of IL-1β. n=8. Compared to control, ###P<0.001. Compared to model, 
*P<0.05, **P<0.01. (B) Concentration of IL-6. n=8. Compared to control, ###P<0.001. Compared to model, **P<0.01. (C) Concentration of TNF-α. n=8. Compared to 
control, ###P<0.001. Compared to model, **P<0.01.
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YFTBD Regulates the Gut Microbiota of Mice
One day before the mice were euthanized, feces from each group were collected for 16S rRNA high-throughput 
sequencing, sequenced based on Illumina Nova sequencing platform, PCR-free library was constructed, and then double- 
terminal sequencing was performed. The sequences were grouped into Operational Taxonomic Units (OTUs) with 97% 
agreement, and a total of 36567 OTUs were obtained. The results are shown in Figure 6A, which shows that the gut 
microbiota of mice in each group has different degrees of difference. YFTBD can increase the OTUs number of gut 
microbiota in mice. As shown in Figure 6B and C, the α-diversity analysis showed that YFTBD can improve the 
reduction of gut microbiota diversity induced by bleomycin, particularly at the Chao1 index (P < 0.001). It plays an 
obvious role in increasing the richness of species community. Moreover, as shown in Figure 6D and E, β-diversity 
analysis showed that YFTBD could improve bleomycin-induced changes in gut microbiota of mice.

From the perspective of microbial species composition richness, as shown in Figure 7A, the phylum level mainly includes 8 
dominant genera: Firmicutes, Bacteroidetes, Proteobacteria, Verrucomicrobiota, Actinobacteria, Epsilonbacteraeota, 

Figure 6 Effects of YFTBD on diversity of gut microbiota in mice. (A) OUTs. (B) Shannon index. n=5. *P<0.05, **P<0.01, ***P<0.001. (C) Chao1 index. n=5. *P<0.05, 
**P<0.01, ***P<0.001. (D) Principal component analysis (PC1 vs PC2). (E) Principal component analysis (PC1 vs PC3).
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Deferribacteres and Tenericutes. Among them, Firmicutes and Bacteroidetes are the two bacterias with the highest relative 
abundance. Compared with the normal control group, the relative abundance of Firmicutes in the model group increases 
significantly (Figure 7B, P < 0.001). Compared with the model group, the relative abundance of Firmicutes in YFTBD treated 
mice decreased significantly (P < 0.05). Compared with the model group, there was no significant difference in the relative 

Figure 7 The relative abundance of gut microbiota at the phylum level. (A) The histogram of species distribution at the phylum level (n=5). (B) Relative abundances of 
Firmicutes (%). n=5. Compared to control, ##P<0.01. Compared to model, ***P<0.001. (C) Relative abundances of Bacteroidota (%). n=5. Compared to control, ###P<0.001. 
Compared to model, ***P<0.001. (D) The ratio of Firmicutes to Bacteroidota. n=5. Compared to model, *P<0.05, ***P<0.001. (E) Relative abundances of Proteobacteria (%). 
n=5. Compared to control, ##P<0.01. Compared to model, ***P<0.001.
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abundance of Firmicutes in mice treated with nintedanib. Moreover, compared with the model group, the relative abundance of 
Bacteroidetes in the YFTBD-treated mice was significantly increased (Figure 7C and 7D, P < 0.001). The above results indicate 
that YFTBD can change the relative abundance of gut microbiota in mice, which may be mainly through changing the ratio of 
Firmicutes and Bacteroidetes in mice (Figure 7D), thereby changing the metabolism of intestinal short-chain fat in mice. 
Particularly, based on the analysis of microflora differences among different groups of samples at the genus level, it was 
discovered that YFTBD could raise the proportion of bacteria that produced short-chain fatty acid unclassified_Muribaculaceae 
(Figure 7E). Meanwhile, LEfSe, which compares differences between or within groups was conducted to identify significant 
biomarkers. As shown in Figure 8, it suggests that nintedanib and YFTBD could regulates the phylum, class and order levels of 
Bacteroidetes. However, the role of its active components of YFTBD on regulating gut-lung crosstalk remains unclear, which 
will be the focus of our future studies.

Discussion
Pulmonary fibrosis leads to respiratory failure, resulting in a high disability rate and mortality of patients.37,38 YFTBD is 
the commonly used empirical prescription in the treatment of interstitial pulmonary disease, which can significantly 
improve the respiratory symptoms of patients with idiopathic pulmonary fibrosis such as cough and shortness of breath. 
At present, the main first-line drugs for pulmonary fibrosis are pirfenidone and nintedanib, but there are adverse reactions 

Figure 8 Lefse biomarkers cladogram less strict of the gut microbiota (LDA > 4).
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such as nausea, vomiting and photoallergy, which seriously affect the quality of life of patients. So further explore 
YFTBD on the pharmacological mechanism of pulmonary fibrosis has very important significance.

Recent studies have shown that gut microbiota are closely related to and interact with the pathological changes of the 
respiratory tract, which is involved in the occurrence and development of a variety of lung diseases, including asthma, 
lung cancer, chronic obstructive pulmonary disease, acute lung injury and pulmonary fibrosis.23 The diversity of gut 
microbiota is the basis for promoting the absorption of nutrients and maintaining the body’s immunity and metabolism. 
The changes in the structure, species, function of gut microbiota and the metabolites produced by gut microbiota play an 
important role in the improvement of pulmonary fibrosis.39 The results of this study showed that compared with the 
control group, the α diversity and β diversity of gut microbiota in the model group were different to some extent, and 
Firmicutes/Bacteroides were increased, indicating that the gut microbiota structure and flora species of mice with 
pulmonary fibrosis were changed. The diversity of gut microbiota in YFTBD group and NIB+YFTBD group was 
close to that in the control group, suggesting that YFTBD could alleviate the gut microbiota disturbance caused by 
bleomycin, and Firmicutes/Bacteroidetes were lower than those in the model group. This indicates that YFTBD can 
improve Firmicutes/Bacteroidetes imbalance, and can regulate pulmonary inflammatory and immune responses through 
the lung-intestinal axis, affecting the progression of pulmonary fibrosis.

Nintedanib is an intracellular inhibitor that targets multiple tyrosine kinases,40 which can reduce bleomycin-induced 
inflammation by downregulating PI3K/Akt/mTOR pathway, pulmonary fibrosis, and oxidative stress.41 However, clinical 
studies have shown that diarrhea is the most common adverse event during.8,42 Study have shown that the nintedanib 
improved the composition of the gut microbiota in mice with DSS-induced experimental colitis.43 In this study, our 
results also showed that nintedanib could improve bleomycin-induced pulmonary fibrosis in mice and had the effect of 
regulating gut microbiota. Especially, our results suggest that the combination of nintedanib and YFTBD might provide 
additive effects on bleomycin-induced pulmonary fibrosis in mice compared with either monotherapy.

Conclusion
In conclusion, YFTBD alleviate the bleomycin-induced pulmonary fibrosis in mice. The therapeutic mechanism of 
YFTBD is related to regulating TGF-β1/Smad signaling pathway, inflammation and gut microbiota, and it needs further 
study.
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